INTRODUCTION
Circulation pumps are used in heating technology to create the overpressure required to overcome the hydraulic resistance of a heating network from the heat source, through the pipeline system, to the last heating element or apartment circuit. The most widespread heat-transfer medium is water (hot water up to 110 °C). Heating systems or individual circuits require the pumps to generate lowto-medium pressure at relatively large mass flow rates. Centrifugal hydrodynamic pumps with electric motors are the best choices in order to fulfill these requirements. In smaller heating systems socalled inline pumps are built into the pipeline. The performance requirements and pump characteristics are very different and vary depending on the characteristics of the heating system. There are different types of pumps used in technical practice, which differ in their designs and hydraulic and material solutions.
( 1) where :
Q is the heat output, which the heating system has to supply in (W), θ p -the temperature of the heat-transfer medium in the flow-in pipe in ( o C), θ v -the temperature of the heat-transfer medium in the return pipe in ( o C), 0.86 -is the constant gear
• The operating pressure Δp p (Pa or kPa) is an indicator which reflects the amount of the energy handed over to a unit of weight of the heat-transfer substance. In older scientific literature, the transportation head H (m water column) was used, which was enforced by the pump manufacturers. The relationship between H and Δp p is 1m (water column) = 10 kPa. Pump manufacturers give either the operating pressure Δp p or the transportation head H. The resulting pump working pressure is calculated as:
where : Δp p is the operating pressure of the pump (Pa), Δp p -the pressure drop by unit of resistance (Pa), Dpf r -the pressure drop by friction in the pipe (Pa), Dp RA -the pressure drop of the regulation fittings (Pa), Z = Dp j.odp -the pressure drop from the resistance embedded in the pipeline (Pa), R -the differential pressure (Pa/m), l -the length of the pipe section (m).
• The physically correct qualitative indicator of the pump is the specific energy Y (J/kg), which is defined as the energy transferred by the pump per unit of the weight of the heattransfer medium. It is equal to the difference between the input and the output of the specific energy. The nominal specific energy Y a is bonded to the nominal mass flow rate and nominal speed n n .
The working characteristics of the pump represent the variations of the main parameters of the pump, the mass flow rate M h (kg/h), or the volume flow V h (m 3 /h), from the operating pressure Δp p (kPa) or the specific energy of the pump Y (J/kg). Different characteristics of the pumps and piping network are shown in Fig. 1 . At the intersection of both characteristics the working point of the pump and piping network can be found. At point 1, the pump delivers a mass flow rate M 1 at operating pressure Dp 1 . By reducing the pump mass flow rate M 2 (for example, by closing highly resistive valves with thermostatic valves) and increasing the operating pressure of the pump Dp 1 , it then changes the characteristics of the pipeline network and stabilizes the operation point 2, respectively 3. As a consequence, the flow rate and the differential pressure will increase across the connecting points.
COMPARISON OF SOME CIRCULATING PUMPS
Circulation pump 50 NTR-80 was originally installed in the apartment building. This pump was embedded in the pipeline. The original condition before the thermal insulation was a mass flow M h,1 = 0.69 dm 3 /s; and after the thermal insulation, the mass flow was M h,2 = 1.4 dm 3 /s. The operational pressures, as seen in Fig. 2 , were originally Y 1 = 65 J/kg; after the thermal insulation, they were Y 2 = 65 J/kg. We have compared other circulating pumps to the 50 NTR-80-10 circulating pump.
From the second figure we can see that the pump embedded in the piping network was not suitable after the apartment building was thermally insulated. The original mass flow was decreased so that the pump is operating outside the recommended area. This causes it to operate unreliably and results in problems with balancing the system. When designing a new pump, we considered the following pumps:
• Pump N°.1. with UPS 40-50 250 F steady speed type, for mass flow M h, 1 = 0.69 dm 3 /s = 2.5 m 3 /h, and H = 2.05 m.
• Pump N°.2 with constant pressure type MAGNA 40-100 F, for mass flow M h, 1 = 0.69 dm 3 /s = 2.5 m 3 /h, and H = 2.05 m.
• Pump N°.3 with proportional pressure type ALPFA 32-60, for mass flow M h, 1 = 0.69 dm 3 /s = 2.5 m 3 /h, and H = 2.05 m. Vol. 23, 2015, No. 3, 28 -32 From Fig. 3 it is clear that pumps P3 and P4 have nearly the same pressure diagrams. Only the pressure diagram in pump N°.2 shows higher throttling on the lines into different branches. As an illustration, an inappropriate solution is graphically shown in Fig.  4 . The original pump with high pressure is not suitable, because the higher pressure should be throttled on the control valve. This pressure is causing noise, which reduces the lifetime of the control valves and has large energy demands. This figure describes why it is important to replace outdated circulation pumps with steady progressive ones with new frequency converters.
ECONOMIC EVALUATION OF THE MONITORED PUMPS
We used a program for dimensioning circulating pumps called "WinCAPS". We calculated the investments and operating costs for the circulating pumps we designed in this program for the city of Bratislava and the length of the heating period d= 202 days. The values are recorded in Table 1 .
Price of 1 kWh of electricity was obtained from the operator of the heat source in the apartment building.
The operating costs for the 50 NTR-80-10 pump were determined for two modes: Vol. 23, 2015, No. 3, 28 -32 The return on the investment for the replacement of the original 50 NTR-80-10 pump with full-time operations for the UPS 40-50 F250 pump is in Tab. 2.
Tab. 2 The return on investment (€) in exchanging the original for the new UPS-
From the graph (Fig. 5) it is obvious that the return on the investment will be in 2 (1.8) years, taking into account an inflation rate of 5%.
The return on investment for the replacement of the original 50 NTR-80-10 pump with a full-time operation for the MAGNA 40-100F is in Tab. 3.
From the graph (Fig. 6 ) it is obvious that the return on investment is in 3 (2.8) years, taking into account an inflation rate of 5%.
The return on investment for the replacement of the original 50 NTR-80-10 pump with the full-time operation of the ALPHA2 32-60 180 is in Tab. 4.
From the graph (Fig. 7) it is obvious that the return on investment is in 1 (0.8) years, taking into account an inflation rate of 5%.
If we consider the intermittent operation of the original circulation pump (with the present 0.66), it would increase the return time for the UPS 40-50 F250 to 3.6 years, for the Magna 40-100F to 4.6 years, and the ALPHA2 32-60180 pump to 1.6 years.
A comparison of the investment and operating costs for the replacement of the pump is shown in Table. 5 From the graph (Fig.8) it is obvious that the P2 pump demands a lot of capital and is followed by P1 and P3. From an operational perspective, the most demanding pump is P1, followed by P2 and 
